
otigitts. III that histotical acroutit I tttett- 
tiotd neither Avery’s n;ttne IIO~ DNA- 

mediated lxtcterial t~attsfo~t~iatiott. Al\ 
essay elicitecl :I letter to the editor Iw 21 
microl~iologist, \\-ho caiqdnittcd: *‘I; is 
a sad aid surprising otnissiot~ that. . 
Stcwt makes no tiwtitiott of the dcfittiti\~c 
proof of DNA as the basic hetxditar\. 
su\,sta11ce hv 0. T. Avcly, c:. 11. Marl- 
Lead and &iyt~ Slccart~. Thcl glm~~ll 

of [tnole~ula~ gettctics] txnsts tip011 tltis 
cspet%nrtttal proof. . I am old c7wuglr 
to tztnemlwr the cxcitcnwtrt a11c1 erl- 
thtisiastn ittclucecl Iy the pitl~liwtiott of 
thr paper by AWN, ~lu~Lcwl nttcl \lc- 
Cwty. Avery, :tt~ efkcti\,r Ixtctc~tiologist, 
was a quid, self-effacing, ttott-tlisprtla- 
tious gctttlctmun. Thrw cltarxctc*ri~~ics tfi 
petwttalitv should trot [c.;i~isc’] the. gc’ii- 
wal scicwtific pitl)lic.. to let his tiiltttc 

w) utitwogttized.” 0 
I was takeit aba~li Iw this 1c.ttc.r aid 

replied tltnt I slior~ld itdeed have tiiett- 
tiotwd Avery’s 1914 ptxwf tltat DSA is 
the hereditary subs~atice. I \\.cttt OII to 

say, ho\xrcvcsr, that in tttv opittiott it is 
trot trur: that the gl~o\vtll ot ttdcCtll~lt~ 
gcwetia rests 011 AvcT\~‘~ ptuof. FOI 
ttiany years that proof x~uallv Iratl littlc 
impact OII geneticists. The IWWII for tlto 
delay \\‘klS not d1ut Awy’s \\WL \v;1!7 ,ttt- 

kno\vti to or tnisttuskd l)v gcircstiCist5 
but that it \f’;is ‘.pretil;ttu~c~.“. 

lly ~vitrtct fncic reitsot~ for sa\,itl;g 
A\wy’s cliscovety \vas pwtnatwc~ is .tlul 
it \v;ts not appreeiatecl ili its &I\,. 10, , 
lack of ;Ipprwiatioti I cl0 trot tt~c~;~t~ tlikti 
Avery’s discovery I\-cwt ~tttttoticwl, ot- 
c’vett tllat it xvus ttot co~isitletwl i[trIxw- 
lattt. \\Jat I do ttwatt is that gcBtlc+icislx 
did ttot seem to be at)lc to cl0 II~UCII 
\r-ith it or build ott it. That is, iii its tlu\ 
Avery’s discw\,erv Id virtually IIO cfl’c.c:t 
011 the gc~tt~txl diw~utw of gelrctic7. 





Prolxil~ly the most f~miou~ case of pix- 
maturitv iii the liistorv of biology is as- 
sociatctl \vitli the name of Grcgor SI1,11- 
del, \vliosc cfiscovery of the gene iii 186.5 
hxl to wait 35 years Ixforc it ~2s “reilis- 
covered” at the turll of tl1e cclltul’v. 
~lendcl’s discovty matle no iinnwth~c 
iilipact, it can Ix2 arguccl, ~wcarlsc the, 
concept of discrete litw~clitarv iulits 
c~mlci not be coimected wit11 cGiwiiica1 
ho~vlcdge 0L’ anatomv a~itl Ihvbiolog!~ 
iii the niiddle of the 19t11 cefrtur\r. Fur- 
t!icrmorr, the statistical mc~tlio:lolog~~ 
by nie;iiis of x\-liicli Slenikl iiitcq~retctl 
the results of his pea-brecdi~rg cyeri- 
ments Lvas cntirelv fowigrr to tlw \\‘:I\ , 
of thinking of contenipornry biologists. 
Ih the end of tl1c 19th ccwtur!~. IlO\\~- 
eve, , chromosomes and the c111m10- 
some-dividing processes of mitosis alltl 
meiosis had bxn discovert~cl and AlelI- 
&l’s results could no\v Ix! accou11tf.d 101 
iii tcriiis of structures visiljlc in tllc. in- 
uoscope. ,\Ioreover, by tlir.n tlrc appli- 
catioii of statistics to biology htl Ix- 
come co~rmroi~place. Noiwthelcss. ill 
some rcspccts Avery’s disco\.ery is ;I 
more dramatic cxin~I~1~ of preniaturitv 
th;m Slendcl’s. \Y~CWYIS Slcntlrl’s tli\- 
COVL’I’\’ St’CIIlS haldl\~ to have IKYYI 111(‘11- 
tioiiecl I)\, anyolK until its rcxlisco\~cr~~, 
A\wy’s ;liscwery \\xs \\~itlcly iliscrissctl 
ait yet it could not 1x2 apprc.c.ikitccl 1’01 
cigllt vears. 

Cases of clelayeil q~pwciatioir 01 a 
diswvcry csist also in the ph>xical sci- 
ences. 01~2 esamplc (as \\~ll iis ~111 c+ 
planatiou of its circumstai~ccs iii tc1~nls 
of the concept to Ivhich 1 rcfcr hcbl-c Aas 
prcmaturitv) has he11 providciil In, 
Llichael POlanyi on the Ixisis 0F his o\\.i, 
csp1~ricww. Iii the years 19 14-19 16 
Polaiiyi pul~lisheil a theor!, of the xl- 
sorptioii of gases on soliils \\ hiclr a- 
sulllrll that the folw attr~lchlg il gas 
niolc~ilc to a solid surface drpwils 0111\’ 
on the position of the molc~cule, aird not 
011 the prcseucc of 0th nii~lciwl~s, ill 
the force field. Iii spite of tlicb fact tliat 
Polaiiyi \vx able to provide stroirg c’\- 
peririiental cviclence in f;l\.or of his tllcb- 
ory, it \vx generally wjccted. Sot 011lv 
\t’as the theory rejected, it \vi\s also c’oll- 
sitlc~red so ridiculous ln, the It>atliiig all- 
tlioritics of the time that Polail!? lx*- 
liwcs colltiirued defcwse of liis t1icwl.y 
\\oultl have en&d his pri~fcssiolial c’a 
rc~w if Ire had 1wt managecl to Ixil)lihll 
\~ork 011 more palatal)lc ideas. Tlr~ rcib 
son for the gcncr;ll rejrctioll of Polail\.i‘s 
~&~rptiou theor\, \!xs that at tlltb \ c1.1. 
tinie he put it for\wrd the role of c,lcC- 
trical forces ii] the arcliitccturc of rrMtc1 
had just bceii discovtwd. IIcucc tlll~rc 
sw111d to he I10 cloul,t that the ‘ldsolp 
tioil of gases must also iil\,olt,c ;11I clec- 

trical attrwtioli Iwt\vccw tlrc gas molc- 
cr~lcs a~rd tl1c solitl suduce. That point 
of b-ic\v, ho\\,iw,r, \vas irrcw~iicilal)le 
\\.itli Polail!~i’s basic assumptioii of tlic 
mutual iiidi’I’C’iidt’ii~~ of intli\idual gas 
iirolcculi~s iii tlie ailsorptioii process. It 
\\‘;is oiil\~ iir tlics 1930’s, after a nc‘\v the- 
or\’ of Coli(~iive rriolec~ilar forces hased 
1111 cIriairtuiri-iiic~~i~iili~~i~ res011a11c’c rath- 
cr tha1i oii t~lcctrostntic attraction hall 
txwi dc\~cloIx~l, that it hcanic coii- 
cci\xl~lc gas niolccules coultl I~chavc iii 
tlw \\.a!’ Pol;iiiyi’s iyrriniei1ts inilicatctl 
thi7~ \vcrc actuallv Ix~lia\~ing. ~Iean~vliili~ 
Pol:iilvi’s tlli~0i.y Lid bccir consigirrtl so 
;11itlloritati\,ely to the ashcan of crackpot 
iilc~ac tliat it \vx rediscovtwtI only ii) the 
10.50’s. 

s till, c‘dn tlic notion of prcmat1iritv Iw 
saitl to l)c iI rlsctful Iiistorical collccpt’? 

First 0I all, is pwmaturity the ouly pos- 
sil)lc e\plalratioil for th! lack 01 (‘OII- 
teinporar~~ ;ipprcciat ion of 11 cliscover\~? 
E\,itleiitly iiot. For ewnrplo, in? inick 
l~iolo~ist critic siigglstecl that it !vas 1~11~ 
. . (Iuict, scltkffwi1ig, lloii-disputatio~is” 
pr~rsoiralit\~ of Avcrv tliat \v;is the cause 
of tlic fiiil1irc ot his coiltriln1tioi~ to lx, 
recogili7c,tl. 17urthc~rniorc, ilk a11 essa\’ 
OII tlw llihtor!, ot DSA rexwch Charg;~il 
sripports tl1<, itlca that personaI moclcstv 
aiitl ;I\~t~ixioii to self-ailvc,rtisc~Incnt ac- 
coiiiit for tlrc lack of coirtcwporary xi- 
i~iitific ;~I’I”“c’iatioii. IIcb attrihtrs the 
75-y~kar lag lwt\vwfi lliescher’s discov- 
WV of DSA ~rd the general appreci:l- 
tion of its iilrportniice to \licwhcr’s Ix>- 
irig “0111~ of the (Iuirt ill the lar~tl,” who 
lived \\.licx11 “tlics gi:illt Ixil)licitv ma- , 1 
chilkes, \vliich totl:i\, xw*rlpallv c\‘ell 
th slll;lllcst IllO\‘C Oil the &ss-lArt1 01 
Ilntii1.e \\,itll ~~iormous fairfarc~s, \t’t’rc‘ ilot 
>,ct iii place.” Iiitlced, the 35year hiatus 

POLYSACCHARIDE PNEUMOCOCCUS 
CAPSULE BACTERIA 

LYSIS 

> 

S  STRAIN 



Gore important, does the prematurity 
concept pcrtairi only to retrospective 
judgments madc \vitIi the wisdom of 
hindsight? No, I tllink it can be used also 
to judge the present. Some recent dis- 
covcries are still premature at tliis very 
time. One example of here-and-no\v pre- 
maturitv is the alleged fiiiding that es- 
pcrieutiai information received by an 
nuimal can be stored in nucleic acids or 
other n~ac~oiiiolccules. 

Some 10 years ago there began lo ap- 
Iwar reports by esperimcutal psycholo- 
gists purporting to have shown :hat the 
elIgralll, or Inemory trace, of a task 
learned by a trained animal can be 
transfer-red to a naive animal by inject- 
ing or feeding the recipient with an es- 
tract III:& from the tissues of the donor. 
.4t that time the central lesson of mo- 
lecular genetic-that nucleic acids and 
proteins arc informatiolml macromole- 
cults-had just gained wide currency, 
and the facile equation of nervous iu- 
formatioil Lvith genetic infornintion soon 
Icd to the proposal that macal-onlolc- 
c&-DNA, RNA or proteiii-store 
nieniory. As it happens, the espcriments 
011 \vIrich lhe Illac~omolecula~ theory of 
1nculol.y is ba\ed have been tlificult to 
I-cprat, alld the results claiuwd for tllcirl 
III;IV illdecd ilot br: true at all. It is noue- 
Lhcless significaut that few ncwophy5i- 
ologists have ~VCJII bothc~red to chc~k 
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these experiments, even though it is 
common knowledge that the possibility 
of chemical memory transfer would 
constitute a fact of capital importance. 
The lack of interest of newophysiolo- 
gists in the macromolecular theory of 
memory can be accounted for by recog- 
nizing that the theory, bvhcther true 01 
false, is cleally premature. There is no 
chain of reasonable inferences by means 
of which our present, albeit highly in- 
perfect, \iew of the functional org&n- 
tion of the brain can be reconciled with 
the possibility of its acquiring, storing 
and retrieving nervous information 1)). 
wcoding such information iu molecules 
of nucleic acid or protein. Accordingly 
for the community of neurophysiologists 
there is no point in devoting time to 
checking on experiments whose results, 
even if they were true as alleged, couid 
not be connected with canonical kno\\ l- 
edge. 

The concept of here-and-now prema- 
turity can be applied also to the trouble- 
some subject of ESP, or extrasensory 
lxweption. In the summer of 1948 I 
happened to hear a heated argument at 
Cold Spring Harbor bet\veen two future 
mandarins of molecular biology, Salva- 
dor Lucia of Indiana University and 
R. E. Roberts of the Carnegie Institw 
tiou’s laboratory in \I’ashington. Robe] ts 
was then iutercsted in ESP, and he felt 
it had not beeu given fair consideration 
by the scientific community. As I re- 
call, he thought that oue niisht be allIe 
to set up experiments n-ith nroleculai 
beams that could provide more defilii- 
tive data on the possibility of mind- 
induced departures from random dis- 
t:.ilmtions than I. U. Rhine’s then much 
discussed cardguessing procedutcs. 
Luria declared that uot only \\ as he not 

intercstcd in Roberts’ proposed esperi- 
ments but also in his opinion it was uii- 
worthy of anyone claiming to be a scien- 
tist even to discuss such rubbish. How 
could an intelligent fellow such as Rob- 

ei-ts rntertnin the possibility of phciiom- 
eua totally irreconcilal~le with the most 
c~lemeutary phvsical laws? \loreover, a 
phcnomcnoii that is manifest only to 
specially endowed subjects, as claimed 
by “pa~apsv~llologists” to be the case 
for ESP, is outside the proper reahn of 
science, lvliich must deal with phenom- 
ma accessible to eveq obst~rver. Rob- 

erts replied tli.lt far from him Ijeiiig uii- 

scientific, it \\‘as Lucia \\-Ilose bi@tcd 
altitude towxd the unkno\\-u was m- 
\\.orthy of :I iruc scientist. The fact that 
not evervone has ESP only means that 
it is an rlusivc phenomenon, similar to 
musical genius. And just because a phe- 
nomeuon cannot be reconciled lvith 
v-hat WC: now know, \ve wed not shut 
our ctyes to it. On the contrary, it is the 
duty of the scientist to try to devise es- 
periments designed to pi-obe its truth 
or falsity. 

It seemed to me then that both Lucia 
and Robc~-ts \rerc right, aud in the in- 
tervening JYWS I of teu Uiought about 
this puzzliiig disngi-cement, urlaljle to 
rc5olve it in my o\vii miild. I~innlly six 
vc’xs ago I iead a I-eview of a book on 
i<SP bv ~nv l~c~rkelcy collcagrie C. IVest 
(~hurciini~~ii, and I bt~g;ur to see my \\--a); 
to\vard a I-esolutioii. Chu~liman stated 
lhat tht,1-e are three d tflereut possible 
scientific approac.l~es to ESP. The first of 
these is thct the tlutll or falsity of ESP, 

Iikc the truth or falsity of the existcnce 
of (God or of the immortality of the soul, 
is totally independent of cithcr the 
metlwds or IIK findings of empil-ical sci- 
ence. Thus the problem of ESP is de- 
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solve justice that tlw exi5tc ncc of ESP 
has all-eady 1Jecn pJv~1 to thr hilt, sillcc, 
IIO other set of hvpotheses iI ps\~holog>~ 
has received the degree of critical sc~‘u- 
tiny that has been given to ESP e\peri- 
1nents. MoreovLT, milnv other phcllolll- 

CllA have l,een accepted on IllLl~il less 

statistical evidence than what is off‘eled 
for ESP. The reason Churchmnu ad- 
vances for the futilitv of il strictlv evi- I 
dential approach to ESP is that in the 
absence of a hypothesis of how ESP 
could work it is not possible to decide 
whether any set of rclevmit observations i 
can be accounted for only by ESP to the 
exclusion of alternative csplnnations. 

After reading Churchman’s revic\xs I 
realized that Roberts would ha1.c been 
ill-advised to proceed with his ESP e\- 
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OLU \;IEW of the c~hemir:tl atruc’ture of IjN.4, 1, idely held until well into the 1930’5, saw 
the molecule ah being morel?; a tetranuclrotide composed of one unit each of adenylic, gua- 
nylic, thymidylic and cgtidylic acids. This hypothek demanded that the molecular weight 
of DNA be little more than 1,000 and that the four nurleotide bases (adenine, guanine, 
thymine and rytobine) occur in exactly equal proportions. Even when it wab finally realized 
in the 19U1’3 that the molecular ucight of DN4 is much higher I in the millions or bil- 
lions\, it was still widely believed that the tetranucleotide was the basic repeating unit of the 
Iargc USA polymer. The mistaken belief in this uniform macromolecular structure proved 
to Iw an obstacle LO the eventual acceptance of the idea that DN.4 is the genetic material. 
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pcrimc11ts. Irot I,Kausc, iis Lwia had 
clainietl, thc.v \x-ould not Ix “sciellcr” 
but because 1 anv positi\.ta evidence 1~ 
might have foulld ill favor of ESP would 
have bee~t, ailtl \\ould still he, preina- 
ture. That is, until it is possible to COII- 

ncct ESP with canonical kllrnvledge of. 
say, elrctromagnetic radiation xld neu- 
mphvsiology no demonstration of its 
occu;.re~xe could Ix appreciated. 

Is the lack of appreciation of prem;~- 
ture discoveries mcrelv attrilwtable to 
the intellectual shortcoming or iunntcl 
conserwtism of scientists who, if the\. 
\r’ere only more perceptive or 1i10re 

open-nlilldecl, would give immediate 
recognition to any well-documented sci- 
entific pqosition? Polan)~i is not of that 
opinion. Reflecting on the cruel fate ot 
his theory half n century after first a& 
vanciug it, he declared: “This miscar- 
riage of the scientific method could not 

have been avoided. . There must be at 
all times a predominantly accepted sci- 
entific view of the nature of things, in 
the light of which research is joiutl! 
conducted by members of the commu- 
nity of scientists. A strong presumption 
that any evidence which contradicts 
this view is invalid must prevail. Such 
evidence has to be disregarded, even if 
it carmot be accounted for, in the hope 
that it will eventually turn out to lx 
false or irrelevant.” 

That is a view of the operation of sci- 
ence rather different from the one corn 
monly held, under which acceptance of 
authority is seen as something to be 
avoided at all costs. The good scientist 
is seen as an unprejudiced map with an 
open mind who is ready to embrace all\ 
new idea supported by the facts. The 
history of science shows, however, that 
its practitioners do not appear to act 
according to that popular view. 

F ive years ago Chargaff wrote we of 
the many reviews of Tlw Double 

Helix, Watson’s autobiographical ac- 
count of his and Crick’s discovery of the 
structure of DNA. In his review Char- 
gaff observes tllat scientific nutobiogra- 
phy is “a most axvkward literary genre.” 
hllost such works, he says, “give the im- 
pression of having been written for the 
remainder tables of bookstores, reaching 
them almost before they arc published.” 
The reasons for this, according to Char- 
gaff, are not far to seek: scientists “lead 
monotonous and uneventful lives and. . . 
besides often do not know how to write.” 
Moreover, “there muy also be profound- 
er ~‘easons for the general triteness of 
scientific autobiographies. Ti?notl of 
Atlwns could not have IJWII \vritten, 

‘Les Desmoiselles d’Avignon’ not have 
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PRESENT VIEW of the chemiral +trurture of DNA bees the mole- mine to guanine-cytosine can vary over a large range, depending 
cule as a long chain in which the four nwleotide basen ran be ar- on the biological bo~rce of the DNA. With the elaboration of this 
ranged in any arbitrary order. Although the proportion of ade- single-strand structure it became possible to envision that genetic 
nine is always equal to that of thymine and the proportion of gua- information is encoded in the DNA molecwle as a specific se- 
nine ia alrrayh equal to that of cytosine, the ratio of adenine-thy- quence of the four nurleotide bases lsee iZlustrn~ion on next page). 

been painted, had Shakespeare and Pi- 
casso not existed. But of how maw 
scientific achievements can this Ge 
claimed? 011r cwlld almost say that, lvith 
very few esceptiolis, it is not the ~nen 
that make science, it is science that 
makes the 1nc11. b’hat A does today, B 
or C or D could surely do tomorrow.” 

On readbig this passage, I found my- 
self in full agreement 011 the gerwral lack 
of literary skills among men of science. 
I was surprised, however, to find an 
eminent scientist embracing historicisni 
(the theory champbned l)y Hegel and 
Marx holding that l&tow is detc,rnlincd 
by immutable forces rather than by hu- 
man agcncv) as an esplatlation for the 
evolution 0> science while at the same 
time profcssiilg belief iI1 the libertarian 
“great man” view of history for the ew- 
lution of art. Since it had not occurred 
to me that anyone could hold such cou- 
tradictory, and to me obviously false, 
views concerning these two most im- 
portant domains of human creation, I 
began to ask scientific friends and col- 
leagues whether they too, hy illlV 

chance, thought there \ras an imp or- 
tant qualitative difference between tlw 
achievements of art and of science, 
namely that the former are unique and 
the latter inevitable. To my even greater 
surprise, I found that most of them 
seemed to agree Lvith Chargaff. Yes, they 
said, it is quite true that xve would not 
have had Tirnort of Atlwns or “Les Des- 

moiselles d’Avignon” if Shakespeare 
and Picasso had not existed, but if \Vat- 
son and Crick had not existed, we lvould 
have had the DNA double helix nny- 
way. Therefore, contrary to my first im- 
pression, it does not seenl to be all that 
obvious that this proposition has little 
philosophical or historical merit. Hence 
I shall now attempt to show that there 
is no such profound difference between 

the arts and sciences in regard to the 
uniqueness of their creations. 

13efore discussing the proposition of 
differential uniqueness of creation it is 
~~ecessary to make an explicit statement 
of the meaning of “art” and of “science.” 
My understanding of these terms is 
based on the view that both the arts 
and the sciences are activities that en- 

deavor to discover and communicate 
truths about the world. The domain to 
which the artist addresses himself is the 
inner, subjective world of the emotions. 
.btistic statements therefore pertain 
mainly to relations bet\vcen private 
events of affective significance. The do- 
main of the scientist, in contrast, is Ihe 
outer, objective world of physical pbe- 
nomeiii~. Scientific statements therefore 
pertain mainly to relations between or 
among public events. Thus the transmis- 
sion of information and the perception 
of meaning in that information consti- 
tute the central content of both the arts 
and the sciences. A creative act on the 
part of either an artist or a scientist 
would mean his formulation of a new 
meaningful statement about the world, 
AIM addition to the accumulated capital 
of what is sometimes called “our cul- 
tural heritage.” Let us therefore examine 
the proposition that only Shakespcarc 
could have formulated the semantic 
structures represented by Timon, whcre- 
as people other than Watson and Crick 
might have made the communication 
represented by their paper, “A Structure 
for Deoxyribonucleic Acid,” published 
in Nature in the spring of 1953. 

First, it is evident that the exact xvord 
sequence that Watson and Crick pub- 
lished in Nature would not have been 
written if the authors had not esisted, 
any more than the exact word sequence 
of Timon would have been written with- 
out Shakespeare, at least not until the 

fabulous monkey typists complete theil 
random work at the British Museum. 

And so both creations are from that 
point of view unique. \Ve are not really 
concerned, however, \vith the exact 
word seque~xe. \\‘e are concerned \\-itlr 
the content. Thus we admit that people 
other than Watson and Criclc would 
rvencually have descl,ibed a satisfactory 
molecular structure for DNA. I3ut then 
the character of Timott and the story 0f 
his trials and tribulations not oilly might 
have been \vritten without Shakespeare 
hut also were \\-ritten xvithout- him. 
Shakespeare merely reworked the story 
of Tinloll he had read in William Paint- 
er’s collection of classic tales, TIlc Pdace 
of Pknsrlrc, l~ul~lished 40 years eal-lier, 
and Painter in turn had used as his 
sources Plutarch and Luciall. But then 
we do not really care about Timon’s 
story; what counts are the deep insights 
into 11unxu~ emotions that Shakespeare 
provides in his play. He shows us here 
how a man may make his response to 
the injuries of life, how he may turn 
from lighthearted benevolence to pas- 
sionate hatred toward his fellow men. 
Can one be sure, however, that Timon 
is unique from this hare-bones stand- 
point of the work’s artistic essence? No, 
because who is to say that if Shake- 
speare had llot existed no other drama- 
tist \vould have provided for 11s the 
same insights? .4nother dramatist w0uld 
surely have used an entirely different 
story (as Shakespeare himself did ilr his 
much more successful King Lcnr~) to 

treat the same theme and he might have 
succeeded in pulling it off. The reason 
no one seems to have done it since is 
that Shakespeare had aheady done it 
in 1607, just as 110 one discovered the 
structure of DNA after Watson and 
Crick had already discovered it in 1953. 

Hence we are finally reduced to as- 



WATSON-CRICK MODEL of the structure of DNA, the discovery of which was announced 
in 1953, can now he described adequately as a double-strand self-complementary helix. 

serting that Timon is uniquely Shake- 
speare’s, because no other dramatist, al- 
though he might have brought us more 
or less the same insights, would have 
done it in quite the same exquisite way 
as Sbakespcare. Rut here we must not 
shortchange Watson and Crick and take 
for granted that those other people who 
eventually would have found the struc- 
ture of DNA would have found it in just 
the same way and produced the same 
revolutionary effect on contemporary bi- 
ology. On the basis of my  acquaintance 
with the personalities then engaged in 
trying to uncover the structure of DNA, 

I believe that if Watson and Crick had 
not existed, the insights they provided 
in one single package would have come 
out much more gradually over a period 
of many months or years. Dr. B might 
have seen that DNA is a double-strand 
helix, and Dr. C might later have rec- 
ognized the hydrogen bonding between 
the strands. Dr. D later yet might have 
proposed a complementary purine-py- 
rimidine bonding, with Dr. E in a sub- 
sequent paper proposing the specific 
adenine-thymine and guanine-cytosine 
nucleotide pairs. Finally, we might have 
had to wait for Dr. G  to propose the 
replication mechanism of DNA based on 
the complementary nature of the two 
strands. -411 the while Drs. H, I, J, K and 
L would have been confusing the issue 
by publishing incor-rect structures and 
proposals. Thus I fully agr-ee with the 
judgment offered bv Sir Peter 1Iedawal 
in his review of 27~ Double H&c “The 
great thing about [\Vatson and Cricks] 
discovery was its completer’ress, its ail 
of finality. If Watson and Crick had 
been seen groping toward an answer, if 
they had published a partly right solu- 
tion and had been obliged to follow it 
up with corrections and glosses, some 
of them made by other people; if the 
solution had come out piecemeal instead 
of in a blaze of understanding; then it 
would stilt have been a great episode in 
biological history; but something more 
in the common run of things; something 
splendidly well done, but not in the 
grand romantic manner.” 

TV hy is it that so many scientists ap- 
parently fail to see that it can be 

said of both art and science that where- 
as “what A does today, B or C or D 
could surely do tomorrow,” B or C or 
D might nevertheless not do it as well as 
A, in the same “grand romantic man- 
ner.” I think a variety of reasons can be 
put forward to account for this strange 
myopia. The first of them is simply that 
most scientists are not familiar with the 
working methods of artists. They tend 



to pic,tui-c tliv artist’s act of creation in 
tlw terlrls of Hollvnw~d: Cornel Wilde 
in the role of the one and only Fr&d&ic 
Chopin gazing fondly at blerle Oberou 
as his nii1.5~’ and mistress Gorge Sand 
and then sitting down at the Pleyel pi- 
anoforte to compose his “Preludes.” As 
scientists knfnv full Lrcll, science is done 
quite differently: Dozens of stereotyped 
and ariibitious researchers are slaving 
away in as many idciitical laboratorie.s, 
all trying to make similar disco\Tcries, 
all usiiig more or less the same knowl- 
rdge and techniques, some of them suc- 
ceeding and some not. Artists, on the 
other hand, tend to conceive of the sci- 
entific act of creation in equally un- 
realistic terms: Paul !vluni in the role of 
the oiie and only Louis Pasteur, who 
while burning the midnight oil in his 
laboratory has the inspiration to take 
some bottles from the shelf, mix then 
contents and thus discover the vaccine 
for rabies. Artists, in turn, know that art 
is done quite differently: Dozens of 
stenotyped a11d ambitious writers, 
painters and composers are slaving away 
in as many identical garrets, all trying 
to produce similar works, all using more 
or less the same knowledge and tech 
niques, some succeeding xid some not. 

A second reason is that the belief in 
the inevitability of scientific discoveries 
klppC%llX to derive support from the 
often-told tales of famous cases iii the 
history of science where the same dis- 
covery was made independently two or 
more times by d&rent people. For in- 
stance, the iiidcpendeut inveiition of 
the calculus by Leibniz and Newton or 
the iiidependcnt recognition of the role 
of uatural selection in evolution by Wal- 
IaccL and Darwin. .4s the study of such , 
“multiple discoveries” by Robert hlerton 
of Columbia Cniversity has shown, how- 
cvc’r, on detailed csamination they are 

rarely, if ever, identical. The reason 
they are said to be multiple is simply 
that in spite of their differences one cd11 

recognize a semaiitic overlap between 
them that is transformal~le into a con 
gruent set of ideas. 

The third, and some\vhat inore pro- 
found, reason is that wlirrcas tire cumu- 
lative character of scientific creation is 
at oiicc’ apparent to e\‘ery scientist, the 
similarly cumulative character of artis- 
tic creation is not. For instance, it is ob 
viaus that no present-day Ivorking ge- 
ncticist has any need to read the origi- 
nal ppws of hmdcl, l,c~calse they 11n\c 

bwn completely supc1M&Y1 by tile 
work of the past century. ?ricndel’s pa 
pc’rs contniii ilo useful informutioii tliat 
cannot bc better olrtaincd from any 
modf~rr~ tcstbook or tlie currciit gerieti- 

cal litcraturc. III contrast. tlie modern 
nriter, composer or painter still needs 
to read. listen or look at the original 
kvorks ot Shakespeare, Hach or Leonar- 
do, which, so it is thought, have not been 
superseded at all. In spite of the seeming 
truth of this proposition, it must be said 
that art is no less cumulative than sci- 
c‘nce, in that artists no more work in a 
traditionless vacuum than scientists do. 
;2i-tists also build on the \vork of their 
predecessors; they start with and later 
improve on the styles and insights that 
have been handed down to them from 
their teacher-s, just as scientists do. To 
stay with our main example, Shake- 
speare’s Timon. has its roots in the works 
of Aeschylus, Sophocles and Euripides. 
It was those authors of Greek antiquity 
who discovered tragedy as a vehicle for 
communicating deep insights into af- 
fects, and Shakespeare, drawing on 
many earlier sources, finally developed 
that Creek discovery to its ultimate 
height. To home limited extent, there- 
fore, the plays of the Creek dramatists 
have been superseded by Shakespcare’s. 
\\‘hy, then, have Shakespeare’s plays not 
been superseded by the work of later, 
lesser dramatists? 

Here we finally do encounter an im- 
portant difference between the creations 
of art and of science, namely the feasi- 
bility of paraphrase. The semantic con- 
tent of an artistic work-a play, a cantata 
or a painting-is critically dependent on 
the exact manner of its realization; that 
is, the greater an artistic work is, the 
n~ore likely it is that any omissions or 
changes from the original detract from 
its content. In other words, to para- 
phrase a great work of art-for instance 
to rewrite Tirrron-without loss of artis- 
tic quality requires a genius equal to 
the genius of the original creator. Such 
a successful paraphrase would, in fact, 
constitute a great work of art in its own 
right. The semantic content of a great 
scientific paper, on the other hand, al- 
though its impact at the time of publi- 
cation may also be critically dependent 
on the exact mamler in which it is pre- 
sented, can later be paraphrased with- 
out ser-ious loss of semantic content by 
lesser scientists. Thus the simple state- 
ment “DNA is a double-strand, self- 
complementary helis” now suffices to 
communicate the essence of \Vatson and 
Crick’s great discovery, whereas “A nrnn 
responds to the injuries of life by turn- 
ing from lighthearted benevolence to 
passionate hatred toward his fellow 
men” is merely a platitude and not a 
paraphrase of T~JIOJL. It took the writing 
of King Lear to paraphrase (and im- 
prove on) Ti?~~on, and indeed the for- 



The foruth, and [xdxll,ly tleepest. 
I‘c’asolI for the apparellt prrv&!11ce 
a1110ng scic~utists of the proposition that 
artistic crcatioirs arc unique and scicrr- 
tific creations arc rrot can Ix attributed 
lo a contradictory epistcmological at- 
litudc to\\.ard tlrc events in the outer 
ant1 tllct iirtrer world. The outer world, 
wlrich sciericc tries to fathom, is often 
vie\\xd from thca standpoint of materia- 
ism, according to which events and the 
rclatioiis lrct\veen them have an csis- 
tencc iiitlcpcndent of the human mind. 
Hence the outer world and its scientific 
laws arc simply there, and it is the job of 
the scientist to find them. Thus going 
after scientific discoveries is like pick- 
ing wild strawberries in a public park: 
the bcrrics A dots not find today B or C 
or D will surely find tomorrow. At the 
same time, many scientists view the in- 
I IC~U \vorld, which art tries to fathom, 
from the standpoint of idealism, ac- 
cordiiig to which events and relations 

betnww tliriii have 110 realitv otlwr thaii 
their reflectiorr in human thought. Heircc 
tlwrc is nothing to he found in tlic iiiiicr 
world, and artistic creations are cut sin- 
ply from whole cloth. Here B or C or D 
could riot possibly find tomorrow \l.lrat 
A found today, because what A found 
had ncvcr been there. It is not altogether 
surprising, of course, to find this split 
epistemologicul attitude toward the t\vo 
\vorlds, since of these two antithetical 
traditions in Western philosophical 
thought, materialism is obviously an uir- 
satisfactory approach to art and idealism 
an unsatisfactory approach to science. 

I 
t is only in the past 20 years or so. 

more or less contemporaneously with 
the growth of molecular biology, that a 
resolution of the age-old epistcmologi~ 
cal conflict of materialism v. idealism 
was found in the form of what has come 
to be known as structuralism. Structur- 
alism emerged simultaneously, inde- 
pendently and in different guises in se\.- 
era1 diverse fields of study, for example 

ill ps,wllolog~~, 1’ Iiiguistics, nirtliropology 
and biology. 

Hoth materialisiir alid idealism take it 
for grant4 that all the information gath- 
cwd IN our senses actually rcachcs our 
mirltl; iiratcrialism envisions that thanks 
to this iirformation reality is mirrored in 
the mind, whercas idealism envisions 
that thanks to this information reality is 
coiistructcd by the mind. Sti-ucturalisni, 
on tlrc other hand, has provided the in- 
sight that knowledge about the world 
enters the mind not as raw data but in 
already lrighly abstracted form, namely 
as structures. In the preconscious proc- 
ccs of convertiiig the primary data of 
our esperience step by step into struc- 
tures, information is necessarily lost, be- 
cause the creation of structures, or tlic 
recognition of patterns, is nothing else 
than the selective destruction of infor- 
mation. Thus since the mind does not 
gain access to the full set of data about 
the world, it can neither mirror nor con 
struct reality. Instead for the mind real- 
ity is a set of structural transforms of 



primary data taken from the \vorld. This 
transformation process is hicrarchicnl, 
in that “stronger” structures are formed 
from “weaker” structures througll selec- 
tivc destruction of information. Any set 
of primary data becomes meaningful 
only after a series of such operations has 
so transformed-it that it has become con- 
gruent with a stronger structure pre- 
existing in the mind. Ncurophysiological 
stud& carried out in recent years on the 
process of visual perception in higher 
mammals have not only shown directlv 
that the brain actually operates accorci- 
irlg to the tenets of structuralism but also 
offer an easily understood illustration of 
those tenets. 

Finally, \ve may consider the relc- 
vance of structuralist philosophy for the 
two problems in the history of scicwce 
under discussion here. As far as pre- 
maturity of discovery is concerned, 
structuralism provides us with an undcr- 
standing of why a discovery cannot be 
appreciated until it can be connected 
logically to contemporary canonical 

knowledge. In the parlance of struc- 
turalism, canonical knowledge is simply 
the set of precsisting “strong” structures 
\vith which primary scientific data are 
Inade congruent in the mental-ahstrac- 
tion process. Hence data that cannot be 
transformed into a structure congruent 
with canonical knowledge are a dead 
cud; in the last analysis they remain 
meaningless. That is, they remain mean- 
ingless until a way has been shown to 
transform them into a structure that is 
congruent with the canon. 

As far as uniqueness of discovery is 
wnccrwd, structuralism leads to the 
recognition that every creative act in 
the arts and sciences is both common- 
place and unique. On the one hand, it 
is commonplace in the sense that there 
is an innate, or genetically determined, 
corl-espondence in the transformational 
operations that different individuals per- 
form 011 the same primary data. With 
reference to science, cognitive psychol- 
ogy has taught that different individuals 
recognize the same “chairness” of a chair 

because they all make a given set of 
sense impressions from the outer world 
congruent with the same Gestalt, 01 
mental structure. With reference to art, 
analytic psychology has taught that 
there is a sameness in the subconscious 
life of different individuals because an 
innate human archetype causes them to 
make the same structural transforma- 
tions of the events of the inner world. 
And with reference to both art and sci- 
ence structural linguistics has taught 
that communication between different 
individuals is possible onlv because an 
innate human grammar causes them to 
transform a given set of semantic syni- 
bols into the same syntactic structure. 
On the other hand, every creative act is 
unique in the sense that no two individ- 
uals are quite the same and hence never 
perform exactly the same transforma- 
tional operations on a given set of pri- 
mary data. Although all creative acts in 
both art and science are therefore both 
commonplace and unique, some may 
nonetheless be more unique than others. 
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